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Introduction. The response of composite materials to the im- 
pact of a certain kind of load is difficult to predict, therefore, 
research in this area has often been neglected. The work objec- 
tive was to study the influence of the wave effect on the tensile 
strength of polymer composites of a fibrous structure. 
Materials and Methods. In the tests, samples of multilayer 
materials of various thicknesses with continuous, long and 
short fibers that form a fabric, as well as a layered structure, 
were used. The number of layers corresponds to the resistance 
to the applied loads. Fibers of glass, carbon, kevlar, or their 
combinations were used. Isotropic materials — epoxide, polyes- 
ter and vinyl ether — were used as binders. 

Research Results. The tensile test results of homogeneous 
samples and samples of fibrous structure are obtained. In this 
case, the values of fiber angle varied. The stability of their 
intercomparison test results 1s established. The dependence of 
the maximum tensile stresses O,,,, MPa, (on the vertical axis) 
on the fiber angle 0,,., 1s obtained. These stresses for a fibreless 
material amounted to 250 MPa. Normal and tangential stresses 
acting perpendicular to the fibers, as well as shear stresses of the 
layered material, are calculated. As follows from the analysis 
of the dependences for the significant tensile stresses and from 
the study on refraction in the section of the sample damage, it 
was established that the shear stress t,,, was the cause of the 
fracture. Using an equation providing the compensation for the 
angle of inclination 8 = 45, it was determined that the shear 
stress of the polyester is t,, = 35 MPa. This was the stress that 


caused subsequently the destruction of the samples. 


* The research is done within the frame of the independent R&D. 


Beedenue. Peakitua KOMMO3MI[MOHHbIX MaTepHasloB Ha BO3- 
WeHcTBue OpeyeNeHHOrO powa Harpy30K TpyAHO MporHo3H- 
pyema, MOITOMY UCCcIeqOBaHHAM B 9TOM OOsacTH He yyeuA- 
OCb WOJDKHOrO BHUMaHUA. [leubrO HacTOAeH paOoTsI OBO 
W3y4eHHe BIIMAHMA BOJHOBOLO DPdexkTa Ha peel MpOUHOCTU 
IIpH pacTs»*KeHHH TOJIMMePHbIX KOMIMO3HTOB BOJIOKHHCTOM 
CTPYKTYDpBI. 

Mamepuaibi u memoooi. B UcibITaHuaAxX UCTIIONb30BaIIMCh 
OOpa3ilbI MHOTOCJIOMHHbIX MaTepHaslOB pa3sJIMYHOU TOJIMMIMHBI C 
HeIIPepbIBHbIMH, JVIMHHbIMH HM KOPOTKHMM BOJIOKHaMH, OOpa- 
3YFOIIMMU TKaHb, a TakKKe CJIOMCTy!O CTpyKTypy. Uuci0 co0eB 
COOTBETCTBYe€T CONMPOTHBJIACMOCTH IIPpHJIOXKeCHHbIM Harpy3- 
kaM. IIpuMeHsasIMcb BOJIOKHAa CTeKIa, yruiepojja, KeBslapa WIM 
MX KOMOMHaIMH. B KayecTBe CBA3YIOMIMX MCHOJIb30BaIIN 130- 
TPOMHbIe MaTepHasibl: STOKCHA, MomMsp~up WU BUHHIOBbIM 
3cpup. 

Pe3yibmamoi ucciedoeanus: Ilolty4eHubl pe3yJIbTaTbI MCIIbITAa- 
HHA Ha pacTs*KeHHe TOMOFeHHbIX OOpPa3llOB HW OOpa3ilOB BO- 
JIOKHUCTOH cTpyKktypbl. IIpu sTOM BapbupoBalINch 3HadYeHHA 
yryla HaKJIOHa BOJIOKOH. YcTaHOBJIeHa CTAOUIIbHOCTb pe3yiIb- 
TaTOB HCIbITaHHA WyTeM MUX B3aMMHOro cpaBHeHuaA. Ilosyuena 
3a€BHCHMOCTb MaKCHM@JIbHbIxX HalipsoKeHHM pu pacTsKeHHU 
Omax, MIla, (Ha BepTukKasIbHOM OCH) OT yruia HakJIOHa BOJIOKHA 
Omax. OTH HalpsKeHuA JIA MaTepvasia c Oe3BOJIHOBbIMU 
BOJIOKHaMH cocTaBHIM 250 Mila. Paccuutanbi HOpMasIbHble U 
KacaTeJIbHble HallpsKeHHA, JIeMCTBYIOMMe NepneHAMKyIApHo 
BOJIOKHaM, a TakoKe HalpsKeCHHA CIONCTOrO MaTepnala pu 
cupure. B pe3yiIbTaTe aHasIv3a 3aBHCMMOCTeH JIA XapakTep- 
HbIX HallpsKeHHH pW pacTsKeHHU UM UcceOBaHuA pedpak- 
IMM B CeYeHHU pa3pyllieHHaA OOpa3IlOB yCTaHOBJIeHO, 4TO 
NIpH4MHOK paspyWieHHA ABJIACTCA Hallps2KeHMe CABUTAa Tyy. C 
TIOMOIIbIO yPaBHeHHA, KOTOPOe TO3BOJIAET KOMITCHCHPOBaTb 
yroul HakwoHa 9=45°, Oblmio onpeyeteHo, 4TO 3HadeHHe 
HallpsoKeHUA CUBMTa WoMecTepa T,,= 35 Mila. QTo u ecTb 
HalpsKeHve, KOTOPOe BIOCIeACTBHH ABHIIOCh pw4unHor 
pa3pylieHua OOpa3iloB. 
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Discussion and Conclusions. The tensile stresses of the com- 
posite material decrease with increasing the fiber angle in 
certain areas. The destruction of all fiber samples occurred 
when the shear stress reached a value approximately equal to 
the shear stress at which the destruction of samples made only 
from a binder material happened. When the specimen broke, 
the fracture mode had the form similar to the shear failure; 
besides, at the moment of fracture, the object having a rectan- 
gular shape, being deformed at an angle, took the form of a 


parallelogram. 


Keywords: composite material, binding material, fibrous ma- 
terial, filler, structure defect. 
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O6cyacoenue u 3akmoyuenus: Halipsxxenua mp pacTtsKeHnu 
KOMIIO3HTHOrO MaTepHasia YyMeHbIlaloTcCaA C YyBeIMYeHHeM 
yrla HakKJIOHA BOJIOKOH B OMpey{esIeHHbIx 30HaX. Pa3spyieHve 
BCeX OOpa3IlOB BOJIOKHa HacTylayo Torga, Korga BeM4MHa 
HallpsKeHUA CABUTa JOCTHTasla 3Ha4eHHA, IIPUMepHO paBHOro 
BeJIM4HHE Hallps9KeHuA CABHTa, IPH KOTOPOM MponcxozMsI0 
pa3pyllieHve OOpa3lloB, H3rOTOBJICHHbIX TOJIbKO H3 CBA3YIO- 
wero Matepuasia. IIpu pa3ppiBe oOpa3ija dopMa pa3pylleHua 
Mella BU, AHaIOTMYHbIN pa3spylleHuto TIpu cABuTe, IpH4éM 
B MOMECHT pa3pyIIeHHa OOBEKT, HMeFOIIMH MpAMOYTOJIbHYO 
(bopmy, AedopmMupyscb NO yrIoM, IpHHuMas PopMy Mapasi- 


jleslOrpaMna. 


KoroueBble CJIOBa: KOMMO3HTHbIM MaTepall, CBA3YIOINIMM 
MaTepHasI, BOJIOKHMCTbIM MaTepHall, HallOJIHUTelIb, edexKT 


CTPyKTYypBI. 


Oopazeu oA UUmuUuposanua: BimaHve BOHOBOTO 3:~)deKTa Ha 
Tipeyesl MpOYHOCTH BOOKHAa IPH UCIbITaHHAX KOMIO3HTHOTO 
MaTepHasia Ha pactspKeHue VM. P. Antudac [u gp.] Becrauk Jlon- 
CKOrO Toc. TexH. yH-Ta. — 2019. — T. 19, Ne 4. — C. 310-316. 
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Introduction. The studies employed composite materials widely used in construction. Samples of various 
thicknesses from multilayer materials containing continuous, long, short fibers and fibers forming the fabric were used. 
The number of filler layers corresponded to the resistance to the loads applied. Fibers of glass, carbon, kevlar, or their 
combinations with binders were used. Binding materials are designed to develop adhesion bonds between fibers, to pro- 
tect them from the environment and load distribution., Isotropic materials such as epoxide, polyester and vinyl ether 
were used as binders [1]. 

The cost of products from polymer composites depends mainly on the cost of the ingredients and the number 
of production stages. Violations of technological regulations causes deviations from the required structure of the mate- 
rial, the formation of various kinds of defects. At that, a wavy shape of the fibers is implemented (Fig. 1), the uniformi- 
ty of the heterogeneous structure is violated. All this causes deterioration in the complex of mechanical-and-physical 
properties of the composite [2]. 





Resin-rich zone 


Fig. 1. Formation of waves in the fibers caused by the lack of structure of composite materials 


A number of disadvantages of the reinforced composites are largely associated with impurities and flaws in the 
product. Flaws are formed in the process of curing the binder, which, initially being in a state of viscous flow, translated 
gas inclusions in the form of bubbles into the volume of the composite under the gravity die casting. Heterogeneity of 
the concentration of fibers and the binder in the bulk of the material occurs due to the presence of functional additives 
or additional filler, for example, sand (Fig. 2). 





Fig. 2. Cross section of composite material containing a number of bubbles 
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Ha puc. 3 10kKa3aHO, YTO BOJIHOBadA OPWeHTalMA BOJIOKOH MOKET paciiOslaraTbCA B WJIOCKOCTH TKaHH, WO CTpyK- 
Type aHaylorM4Hol PuOpo3HOH, a TakKxKe B IJIOCKOCTH CIJICTCHHbIX BOJIOKOH. ITM BOJIOKHa OOeCHe4MBAaIOT CTaOWJIb- 
HOCTb CTPyKTypbl Ip TpaHcnopTupoBKe, OOpaooTkKe, a TakxKe OOJerualOT TEXHOJIOMYeCKYIO NIPOHHWaeMOCTh CJIOEB 
KOMIO3HTHBIX MaTepHasIOB. ITO MO3BOIIACT COCXMHATb BOJIOKHA B IpyIIIbl IPOOJbHO WIM NeplneHAMKyApHO pyr K 
mpyry [3], Yro He npelaTCTByeT OOpa30BaHHtO HeOOJIbINMX BOJIH B TKaHH. 





a) b) 
Fig. 3. Waves located in the layer plane: 


a) section of the composite; 5) spatial structure 


Spatial wave structures (Fig. 4) are implemented using textile equipment. These structures are able to take the 
final shape of a product made from a composite material. Then, such a structure is impregnated with a binder, and the 
product is mold using one of the known methods. 





Fig .4. The location of waves in spatial fibers 


In [4, 5], a method for testing spatial fiber structures with various components and in the presence of defects 1s 
described. The formation of the wave configuration of fibers in such materials can have both negative and positive ef- 
fects on the properties of composite materials. In [6], a theoretical and practical search is conducted. It considers the 
nonlinear behaviour of composite materials reinforced with unidirectional fibers, in which waves are observed that arise 
under the action of tensile loads and pressure. 

The work objective is to study the effect of waves on the tensile strength of a composite material consisting of 
polyester and fiberglass, to analyse the arising stresses, and to study the destruction of the sample due to various factors. 

Analytical research. A composite material with a long-fibered filler can resist heavy load acting along the fi- 
bers, which follows from Fig. 5, a. However, a load that does not correspond to the direction of the fibers is distributed 
between them and the binder. This load depends on the angle between the direction of its action and the direction of the 
fiber orientation. To determine the stresses acting perpendicular to the fiber and along it, the authors used the coordi- 
nates obtained by rotating the x-y-z general coordinates by an angle 0 about the z axis [7] (Fig. 5, 5). 
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a) b 
Fig .5. Interlocal coordinates of material plates: a) with straight fibers, 5) with fibers at an angle. 


If an infinitesimal volume element (Fig. 6, a) is removed from the general coordinates and rotated through an 
angle 0, then, using equations (1), (2) and (3), we can determine the normal and tangential stresses developed in the new 
position (Fig. 6, 5) [8]. 





0,/ = oy + 2 cos 20 + Tyy sin 20, (1) 
Ox-Oy . 

tif == sin 26 + T,,, cos 20, (2) 

Of = oey + EY cos 20 — Tyy sin 20. (3) 





a) b) 
Fig. 6. Stresses of an infinitely small volume element: 
a — in the general coordinate system, 5) in the coordinate system at an angle 


In the case of the wave configuration of the fibers, the stress state of the material is most dangerous at the max- 
imum value of the angle (0,,,,) since normal stresses are oriented perpendicular to the layer of the reinforcing filler. If 
we consider an infinitesimal element in this state (Fig. 7), then after calculating the stress values from equations (1), (2), 
(3) and comparing their values, we can establish causes of the sample failure. 





Fig.7. Infinitely small volume element at the point of maximum fiber inclination angle (0x) 


Materials and Methods. The influence of the wave impact on the tensile strength was studied according to 
ASTM D 638-90 [9]. Samples of sheet form made of polymer composites containing a reinforcing filler (fiberglass) and 
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a binder (polyester) were tested; the hardener content was 2% of the total volume. Samples were prepared through the 
gravity die casting [10]. At that, a template consisting of glass plates with dimensions 38 < 25 x 6 mm, which contained 
10 layers of fiberglass was employed; and cellophane layers were used as a buffer to prevent adhesion. 

During the molding process, a small vibration was used for five minutes. Exposure for curing in the form was 
for 24 hours. Exposure to stabilize the structure and properties of the samples in a free state before testing was 25 days. 
Using special boards, samples were made without waviness and with the wave orientation of the filler. Moreover, the 
latter differed from each other in wave amplitude. Fig. 8 shows the formation of waves in a single board. 


_ 
2 
4 


Fig. 8. Single Board Wave Formation 








Results and Discussion. Tensile tests were carried out for samples with fibers without waviness and with fi- 
bers having a sinusoidal half-wave shape at angles of inclination: On,, = 10°, 18°, 22°, 28° and 38°. The stability of the 
test results was established through their mutual comparison for samples without filler waviness made on five different 
boards. Fig. 9 shows a curve of the tensile stress variation with a change in the angle of inclination of the fiber. In this 
case, the tensile stress 0,,,, for a material with waveless fibers was 250 MPa. 
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Fig. 9. Curve of variation of maximum tensile stresses 6,,,, with increasing fiber angle 0,,,x 


Using the equations (1) and (3), the normal and tangential stresses acting perpendicular to the fibers, as well as 
the stresses of the layered material under shear, were calculated according to the equation (2). 
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Fig. 10. Curves of changes in the angles of inclination of the wave 0... with normal stresses parallel to the fibers o, and normal 
stresses perpendicular to the fibers o,, as well as shear stresses at shear T,,. 


As a result of the analysis of dependences for the characteristic tensile stresses in the point position with the in- 
clination of fibers 0,,,, and the study on the area of fracture of the samples (Fig. 11), it was established that the shear 
stress T,,, is the cause of the fracture. Comparison of this stress with the maximum shear stress of the sample of polyes- 
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ter without fibers is given in [10]. The yield strength (o,) was taken equal to 70 MPa. Using the equation (2), which pro- 
vides compensation for the angle of inclination @ = 45°, it was found that the shear stress of the polyester is Ty, = 35 
MPa. This is the stress that subsequently caused the destruction of all samples. The equation (2) enables to determine 
the deformation of the samples at the breaking point, and also displays deformations and angular displacements proving 
that the destruction of the layered material is a consequence of shear stresses. 





Fig.11. Refraction in the fracture section 


Conclusion. Based on the research results, the following conclusions can be drawn: 

1. The tensile stresses of the composite material decrease with increasing the angle of inclination of the fibers 
in certain areas. The result showed a coincidence with the earlier studies [11, 12]. 

2. It was established that the destruction of all fibrous samples occurred upon reaching a shear stress approxi- 
mately equal to the shear stress at which the samples made only from a binder were destroyed. This is in agreement 
with [13, 14], the data differed only in respect of the stresses developing in the bonding material. 

3. When the sample ruptures, the fracture form is similar to shear fracture, and at the moment of fracture, the 
rectangular object, being deformed at an angle, took the form of a parallelogram. 

4. It is recommended to continue research in this area, the key objectives of which should include studying the 
effect of smaller fiber pulsation angles on the tensile strength of a composite material, as well as investigating the influ- 
ence of the wave effect on the flexibility coefficient. 
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